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NUCLEAR CHARGE AND THE PERIODIC SYSTEM OF ISOT(PES

A, P. Znoyko
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(Ruasian editor's note: The material on which this articls was based was
presentsd by the author in ths Academy of Sciences USSR in July 19&7.)

This article represents a statement of part of the work presented on
28 July 1947 to the Committes on Inventioms and Diacoveries attached to the
Counoll of Ministers USSR (certificate of authorship dated 28 July 1G47).

Immediately after Ivanenko hmd established his neutron-proton model,
Soviet authors (1) attempted to find a lew governing ths distribution of nucle-
one with respect to shells., Up to the pressnt, howevor, anthentic information
on periocdicities in the systex of isotapic nuclei bas not been found.

Morsover a nov analysis of this problem has been stimulated by recent
discoveries of many pew isotopes and by accurate measurewents of mass defects,
spine, magnetic momsnts, etc.

In order to study regularities in nuclear propertiss, we adopt the simplest
characteristic, namsly the specific muclear chargs Z/A. The isotopes are shown
in Figures 1 and 2, sach characterized by coordimates Z/A and A. The graph whick
is obteined shows & number of vegular variations in nuclear properties: it re-
veals the periodically varying structure amd stability of nuclei, permits a com-
Jecture on Jaryogesmesis, and predicts undiscovered isctopes as well as typs of

.. radiation, values of nuclear spins, type of nuclear reactioms, etc.
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nuclel up to Ca and Figure 2 includes the secoud period up to Sr. We mnoted by B RLR .
thess periodicities in 1947 while comstructing & similar graph for all known B I e L
clements up to 2~ 96, Figure 2 shows clearly that the second period conaziste i : EEN
of two different sectione, Ti - 7n and Go - Sr, The periods ¥ - Ba ané In -~ Ra .. =i
behave aimilarly, while the latter is made more complex by the special 1antha.nm R
ssction, ‘ g

Apalyeis of the graph as & whole Indicates the existence of four periods ' A
of satomic muolel which snd 1n the nuclei ot the alkali-sarth metals Ga, Sr, ba,:
Ba, end the fifth perlcd, which ends for the time being at cirium, 2296,

This besic conclusicm is confirmed by consideraticn of the curve ahwing Lo e 5 T
the spescific nuclear charge 7/A for the "main" lsotopes of all slemsnts of R . ]
Mondeleyev's system (2); this curve is givem for cdd Z's in Flgure 3. The . .. =~ ¢ -
"main” isotops ie wnderstood to be the nuclsue contained 1n greatest amounta R
when the elemant was formsd. . : s

The hypotheticel mein 1sotopes wvers determined not cnly from previous dam
on the percemtags of isotopic muclsi (3), but alss from considerations > the
copditions prevailing during the period of the formation of elements in the
cbsorvable section of the wniverse and a number of secondary processes; determina-
tion of the wein iesotops from this set of factors causes real diecrepancies be-
tween the abundance of nuclei of the main isotopss and the imotopes actually
obasx red in the greatest abundence today. Isotepes of a system may In squal .
messurs be "main" when making up 50 to 60 gu=rant and, for example, 20 and kO
percent of the elements. Only in the firat peri.! up to Ca and in the first
section (Sc - Zn) of the second period (Sc - Sr) do ~e have complete agreemen’
of the main isctopes with isotopes which we now obsorve in the greatgst quan-
tity, ﬂ.th the exoeption of the lmown secondary Ar0 (min isotope Ar30), and

go and N158 (according to our hypothesis, the main lsotopes mre N1J and

). Cmses of dlsegroement of the main isotopes with isotopes of the greatest
quant;ty are encountered more frequently in the third and fowrth periods, since
the nuclear structurs of elemente efter Ge is made more complex by a greater
number of secondary processes.

Ir Figures 1 and 2, the nuclel of stable isotopes are shown by points,
the nuoclel of main isotopes are shown by squares, and the nuclei of radio-
active isotopes are denoted by the proper signs: beta~, K, betat, ALY points
on the vertical lines corrsapond to isobaric nuclei of a system, reflsoting
iscbaric equilibrium in karyogenesis., The 1sovopic points of each element
are comnected by lines which prove Lo he hyperbolas. The nuclei of the ele-
ments of a system are placed in such a way tbat all nuclei having en isotopic
mumbar equal to zere (J=A—22=0) 1ie at a height Z/A= 0,5 above tue A-axia.

All remaining nuclei lie on curves (called isotopic curves) for which the
value of J, the isotopic nwmber, is respectively: 1, 2, 3 etc or -1, -2, -3,
atc,

The isotopic curves, which are hyperbolas, asymptocically approach the
straight line J=0 or Z/A=.50. The isotopic curves for the values J= -1,
J=-2, etc., in Figures 1 and 2 describe nuclel in the region of positron
emitters and are mirror images of the isotopic curves for J=1, j=2, etc.
With the help of these curves the study of nuclel and their strncture and
stability and of the percentage content and abundance (Clarks) of isotopes
will lead to a nwmber of important comclusionms,

The isotopic hyperbolas of Figure 1 which asymptotically approach the
ordinate pess through the proton and neutron points which are genuine isnbars

and then go into the region of perticles with mmss lese than unity. The curve
for J=0 1s an isotopic curve of the main isotopes, that is, of nuclel of
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B meximm stability of even Z's in the. ff=st etructura) perted of stamic nucled .7 - i e el -
- & (p to Ca). The main isotopes (the most stable and most sbundant nuc‘loi) of o .
‘ ‘ the odd 2's are described, as a ruls, by the cwrve fur waich Jodd = Jeven T1
foathe first pericd by the curve J=1." The nuclei of the slements thS and
¥~, vhich at firet glance seom to viciste this rule , actually confirm 1t,
the luws governing karycgenesls are comeidersd. This will be described
el - in snother report. The apecific charge of the most steble nuclel of olements
T v of this period for even Z's {s equal t¢ 0.5; Por odd Z'a, 1t incroases from
TR 3Li7 to 1939, The second pericd of the syatem Sc - Sr contains two ssoticms:
o T1 - Zp and G - Sr. In the section T1 - Zn, the nnolei of the main isotopas
' are deecridbed, for even Z's, by the curve J=5. In this sectiom, the specific e
L charge lncresses for nuclei of even and odd Z's (after a decremss at ch. The i
v T pection Gv - Sr has mein isotopss of ofd and even Z's for which o4 =3z~ 2, i

with & rsguler decrease in the spscific miclear chargs.

The specific cherge of atomic nuclel also changses regularly for the 'ah‘ir‘d“p‘; L
and fowrth periods of the system, as 1llustracved in Figure 3. o

The curve for the main isctopes of odd Z's is ghovn, -eince they do mot '™
require speciel explanations, and the law of development on the Ge - Rb,
In - Ce ssotions sre undoubtedly expressed by the formuls Jpqp=Jg+ 8 ‘
Jz+x=Jdz+X. The section Tl - Fr ap & whole ies plso govemedaby the formula . .
Jpp=dm+6=49. . ) N e et e G
At the sections where the transition elements lie, the following succession

of events occurs: an increase in the spscific charge (J= const), stabilization,
and, finally, gradval dscrease.

The curve of Figure 3 showe that stable nuclei of all elementes, without
exception, lie within the comp&ratively marrow interval where the specific
. charge decreases from 0,5 (oHe*) to approximately 0.4 (Fr - 0,390, Ra - 0.389). !

Further amalysie of abundance, stability of spins , and other nuclear
mroperties donfirms the presence of periodicity, discovered by using the
simplest criterien, namely, the specific nuclear charge.

The graphe of Figures 1 and 2 establish that the periodically alternmating
(through every single element) beta-negative and bete-positive activity is a
function of the specific nuclear charge in each poriod. This permits a chemical
element to be considered ae a certain isotopic period in the develonment of a
nuclear mss of given charge, having in view the successive formstion of all
beavier nuclei,

A study of the system shows that not only do the radiocective nuclei con-
form to a strictly periodic variation in stability and properties (beta-nega-
tive aad betaspoeitive decay), but also the “"stable” nuclei of elements change
their propertieas periodically., The values of spins, offoutive croes pectioms
of neutron reactions, lifetime, and other muclear properties vary regularly
along the isotopic curve in each period. i

The periodically varying stability of isotopic nucleil with reapect to
beta and alpha decay varies vithin ths limits of the permissible maximm and
minimum of the specific charges which determine the stability of helium
isotopes, and 1ies within the bowndaries from 0.5 to approximetely 0.4 of the
absolute valuss of Z/A, where the entire system of elemsnts exists,

The nuclei of all elements exist only, within those limits of Z/A permitting
the existence o the atable mucleus of ; the nuclei decay 1f these conditions
are not vbserved. Thia fact is ame of the proofs of the rols of the alpha bond

in the structnre of heavy nuclei. The 1sotepic curves of Figure 1, as well as
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the aimilar ~urves for ths remaining pericde of the system of etomic muclsl,
confira the presence of alpha bonda. For 211 elemente of any iaotopic curve
(for exemple, J=1), each successive nuclous of even or odd Z forms only by
the additicn of two protcoms and twe newtrons, that 1s, the formation of an
alpha "particle” or, more correcily, and alpha bend, since the binding energy
of this structural componsnt of heavy nuclel varios and drops toward the end
of the aystom.

If we ccmsider the conditions of gene~is and the structure of owr hypo-
theticnl matn sctopee of the first period, we see {Flgure 1) that any follow-
ing nucleus of even or odd Z can bs formed by an alpha bend. The main_isotopss
of old elements (Z41) up to Gs are the result of the addition of 2 ;H° rarticle
to the structure of the corresponding mmcleus of even 2, .

Thus, by anslyting our periodic system of atomic nuclei, we also appraach
from & new etandpeint the fundemental importance of the alpha bond and free
neutrons in the structure of camplex mtoms and show the dependence of ithe sta-
bility ¢f the alpha bord upon the epecific charge (volmetric ard surfoocs
density of Z) and the mumber J.
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